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Table 6. The biochemical identification of bacteria
isolated from Galvestcn Bay, TX shellstock oystagﬁ
irradiated at 0.0, 1.0 and -.0 xGy using the API 20e

Identification System of “ntercca:;g;gzgggg.
Treatment Organlism _.zntili>zd “Identification|{ Media
Group Status Isolated

From

Control Aeromonas hydrophila Very Good ID PCAS
Citrobacter freundii Excellent ID PCAS

Eﬁgﬁ,;;gﬂ;g coli Excellent ID EC-MUG -
Proteus vulgaris Excellent ID PCA
§g;mggg;;g sSpp. Excellent ID PCA
Vibrio ’;g;nolytmﬂus Excellent ID TCBS
Vibrio fluvialis Excellent ID PCAS

Vibrio narahanmclv-i:us Excellent ID TCBS

j Vibrio vuinificu Excellent ID |TCBS/CPC

N

1.0 kGy Aeromonas hzdrggh 1a Very Good ID PCAS
c >vo'« te f undi - Excellent ID PCAS
- Escheri - coli - Excellent ID | EC-MUG

Exggggg “_;g_;;g Excellent ID PCA

. Salmonella spp. Excellent ID PCA

Vibrio alginolyticus Excellent ID TCES

Vigg fluv1glls Excellent ID PCAS
-ah icus | Excellent ID TCBS
Excellent ID |TCBS/CPC

3.0 kGy ‘Aeromonas hvdroprn..3 Very Good ID PCAS
W Excellent ID PCAS
-ob L ovia ‘Excellent ID PCA

. Esgcl =hi i i Excellent ID EC-MUG
Eseudgmonas pseudcmallzsii Very Good ID | PCA

_;gg;~ algLno;zt**us ! Excellent ID TCBS
; icus | Excellent ID TCBS

Excellent ID TCBS/CPC

The other iorganisms ;den:;fied‘ consisted again of
Aeromonas ggp. and ZitrobacT’ i £RD. -vith an Enterobacter
gergoviae ;and Pseuaon na= oseudomalledi organism
identified at only the 3.0 =3y 2ose. Perhaps some other

of bacteria were inhikiting zhese two before irradiation

at 3.0 KkGy, and thus ~~ese "2 res;stant organisms were
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then able to grow and divide without competition from

others after irradiation.

Internal Dosimetry of Shellstock Ovysters

Data from this cxporimerntation was obtained only on
a 4 dosimeter strips, but <the data was clear. The
dosimeters used inside of the oysters exposed to 1.0 kGy
recorded a dose of only 0.5 kGy, while the dosimeters in
the 3.0 kGy oysters only recorded 1.6 KkGy. This is
critical because the interrnal meat structure is not
receiving the same dosz tha: the dosimeters outside of

the box are recording. Thus, bacterial destruction will

not as great.

Determination of V. vulnificus Djg_Value in ASW

This phase of the experimentation consisted of
determining the Di.g values for 1logarithmic phase,
stationary phase, and VENC fcrms of V. wvulnificus. These
values are critical in determining the radiation dose
necessary for control of this bacteria, depending on
growth phase or nonculturability and growth media.
Stationary phase (0, T and B) Dyp-Value in ASW

The D;p values <f stationary phase V. wvulnificus
cells are depicted In Tigures :8-20. These figures show
the linear regression analys:is (best fit straight 1line)
of the irradiation of stationary phase V. yulnificus.
The R? and equation of the line are shown for the CPC
agar only, as well as the D;g calculation. CPC agar was

selected because of its high selectivity for Y.
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vulnificus compared to the ‘other media. In Figure 18,
the D;p value associated with the O morphotype in ASW was
determined to be Dy = 0.055 xGy on TCBS agar, Dy = 0.059
kGy on CPC éga’r and D.¢ = 0.C5;7 kGy on APA agars. These
values coincide quite closely with Dixon (1992) who found
the Djg = 0.g052 kGy for an 13-24 hour O ¥. vulnificus in
phosphate buffei'e&f saline. The r? was"fqm;d to be 0.981
and the equ;ati«on of the line was calculated as y = -

17.04x + 122.5 on the CPC agar.

| ~——e— TCES

100
20 ——8—CPC.-
5 70 {= = — Linear (CPC)
g 60 “
A 50
‘é‘ L T —
$ a0 y>=5-ﬁzto4x + 122.54
’ " R® = 0.9207
g 20
10 —
0 . * . k) A l‘
0.00 0.03 0.06 0.10 0.13 0.16
Radiation Dose (kGy)
Figure 18. - Plot of surviving fraction versus radiation

‘dose for stationary phase "O" Vibrio vulnificus C7184 in
ASW, plated on TCBS (D5 = 0.055 kGy), CPC (Djg = 0.059
kGy) and APA (Djg = 0.C37 KGy, agars.

In Figure 19, =he D,¢ <value associated with the
"blue~bug" or mutant, which is an O morphotype, in ASW
was determined to be D = 0.056 kGy on TCBS agar, Dip =
0.057 kGy cn CPC agar and Dig = 0.057 kGy on APA agar and

Dig = 0.057 kGy on TN agar. These values again coincide
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with Dixon (1992) who found the Djg = 0.062 kGy for an
18~24 hour O V. wvulnificus in phosphate buffered saline.
The R? was found to ke 0.977 and the equation of the line

was calculated as y = -17.52x + 123.3 on the CPC agar.

100

90 —o—TCBS
g\ 80 ~g-— CPC
-g —f—APA
‘g 70 , —— TN
L4 60 NI —~— Linear (CPC)
@ 50 :\\
2 a0 =
) y = -17.52x = 123.25
a 30 3 N
[-H

10

0 L4 L ¢ { R
(o} 0.03 0.06 0.10 0.13 0.16

Radiation Dose (kGy)
Figure 19. Plot of surviving fraction versus radiation

dose for stationary phase "B" Vibrio vulnificus CVD 713

in ASW, plated on TCBS (Djp = 0.056 kGy), CPC (Dig = 0.057
kGy), APA (Dijp = 0.057 kGy) and TN (Do = 0.057 KkGy)

agars.

In Figure 20, =ne Djg 'zlue associated with the T
morphotype in ASW was determined to be Dlﬁo = 0.045 kGy on
TCBS agar, Djp = 0.043 KGy on CPC agar and Djg = 0.044 kGy
on APA agars. These values are just slightly higher than
those reported by Dixcn (1992) who found the D;g = 0.037
kGy for an 18-24 xour T . wvulnificus in phosphate
buffered saline. The 2° was found to be 0.913 and the

equation of the line was calculated as y = =23.26x +

131.1 on the CPC agar.
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Figure 20. Plot of surv1v1ng fraction versus radiation
dose for stationary phase "T" Vibrio wvulnificus C7184 in
ASW, plated on TCBS (Djo = 0.045 kGy), CPC (Dyp = 0.043
kGy) and APA (Djp = 0.044 kGy) agars.

Logarithmic phase (0, T and B)_ DJM.A&EV u
The Djio values of logarlthm\lc phase‘ Y. mlg;ﬁg;g

cells are dgi:ic,téd in Figures 21-23. These figures show
the linear regression analysis (best fit straight line)
of the irrad:é.at,icn of all forms of V. wulnificus. The R?
and equz-ition;of ‘the line are shown for the CPC agar only,
as well as the 3\310» calculation, CPC agar was selected
‘b;ecause of fits high sele;ti\.\rity for V. wvulnificus
compared to the other media. In Fi'qure .21, the Dj;p value
associated with the O morphotype in ASW was determined to
be Djg = 0.054 kXGy on TCBS agar, Djg = 0.053 kGy on CPC
agar and Dyp = 0.053 kGy on APA agars. These values
coiﬁcide quif:e clesely with Dixon (1992) who found the

Dig = 0.062 kGy for ~n 18- 1 hour O y vulnificus in
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phosphate buffered saline. The R2 was found to be 0.993
and the equation of the 1lins was calculated as y = -

18.86x + 123.2 on the CPC agar.

100
o 90 —<e—TCBS
5 80 —a—CPC
..E 70 —a—APA
L 60 |——— Linear (CPC)
=
a 50 N
£ 40 N
3 30 ,
& y = -18.857x + 123.17 W
9 20 > <

R° = 0,9927
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o 3 { 1 1 R ]
o 0.03 0.06 0.10 0.13 0.16
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Figure 21. Plot of survivirg fraction versus radiation
dose for log phase "O" Vibr:o wvulnificus C7184 in ASW,

plated on TCBS (Djp = 0.054 XxGy), CPC (Dip = 0.053 KkGy)
and APA (D;p = 0.053 kGy) agars.

In Figure 22, the D;g value associated with the

"blue~bug" in ASW was determined to be Djg = 0.053 kGy on

i

TCBS agar, Djg = 0.054 kGy on CPC agar, Dio 0.053 kGy on

APA agar and D;p = 0.054 kG, on TN agar. These values

again coincide with Dixon 1292) who found the D;gp =
0.062 kGy for 18-24 hour O . vulnificus in phosphate’

buffered saline. The R? was <ound to be 0.995 and the
equation of the line was calculated as y = =-18.69x +

121.9 on the CPC agar.
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Figure 22. Plot of ‘surviving fraction versus radiation
dose for log phase "B" Vibrio wulnificus CVD 713 in ASW,
plated on TCBS (Do = 0.053 kGy), ‘CPC (Djp = 0.054 kGy),
APA (Djg = O. 053 kGy) and TN (Dj;p = 0.054 kGy) agars.

In Flgure 23, the Dio alue assocn.ated with' the T
morphotype J.n ASW ”as determined to be Dio = 0,043 KGy on
TCBS agar, Dw = 0, 043 kGy on CPC agar and Dm = 0.043 KkGy
on APA agars.; ,These values are . just ’sllghtly higher than

those reported byl\Dixcn (1992) who found the Djig = 0.037

kGy for an 18-24 hour T . vulnificus in phosphate
buffered saline. The =% was found to be 0.909 and the
equation of the line -;as calculated as y = =-23.17x +

129.3 on the cpC agar.
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Figure 23. Plot of surviving fraction versus radiation
dose for log phase "T" Vibrio vulnificus C7184 "in AsW,
plated on TCBS (Djp = 0.043 XGy), CPC (Djg = 0.043 kGy)
and APA (Djp = 0.043 xGy) agars.

VBNC (O, T and B) Djip_Value in ASW

The D;g values of VBNC V. vulnificus cells (0, T and
B} are depicted in Figures 24-26. These figures show the
linear regression analysis (best fit straight 1line) of
the irradiation =z-f -~ =NC V. ?ulnificus. The R? and
equation of the line are shown for the DVC only, as well
as the D3g calculation. This is presented first, because
immediately after irradiation, the only way to count VBNC
cells is by the direct viable count, otherwise a 24-48
hour resuscitation :s required before growth can be
detected on microbiclcgical -=dia. In Figure 24, the Dig
value of the VBNC 0 zorpnotygz cells was determined to be
0.165 kGy. The equation of zthe line generated from the

death curve is y = -6.06x + 207.76, with a corresponding



93

-

R? value of 0.979. This Dyp v2lue is 3 times larger than
what was observed with the normal cells irradiated in
ASW, indicating that the VBNC spatewprovides increased

radioresistance for the organism.
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20
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70 4 —

60 4——e—20DC |
50-_.-—IQ-DVC“
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0.00 0.03 0.06 0.0 0.13 0.16

= -6.06x + 107.76
R? = 0.9799

Percent Surviving

7 \ Radiation Dose (KGYy)

Figure 24. Plot of surviving fract;on versus radiation
dose for VBNC "oU. V;brlg vulglg;ggg ‘C7184 in ASW, as
detected by Dvc\(Dio = 0,165 kGy) and AODC. ‘

In Figure 25, the Dig value of the VENC "blue-bug"
(B), which ié an 67:§thotvce éall, was determlned to be
0.173 kGy, wﬁiéh is véry closé :o:thg 0.165 kGy observedﬁ
with the Oﬁmbrphotype>in Figure 24. The equation of the
line ‘generatgd. from”'the death curve 1is y = =5,75x +
108.47, with a corresponding R valué'bfhd,§57.\ This Djg
value is moré than 3 fimes lnrgér'thén what/ﬁas observed
with the normal cells irradizzsd in ASW, indicating again

that the VBNC state rrovidcs @ increased radioresistance

for the organism.
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Figure 25. Plot of surviving fraction versus radiation
dose for VBNC "B" Vibrio vulnificus CVD 713 in ASW, as
detected by DVC (Djp = 0.173 kGy) and AODC.

The trend of incrsased radioresistance in the VBNC
cells is continued with the T morphotype. In Figure 26,
the Dyp value of the VBNC T morphotype cells was

determined to be 0.147 kGy. The equation of the 1line

generated from the death curve is y = -6.83x + 107.78,
with a corresponding =" alue =f 0.988. This Djp value is
3 timeé larger than what was observed with the normal
cells irradiated in ASW, incicating 1that even with the

nonencapsulated cells, the mechanisms that lead to
nonculturability, also help provides increased

radioresistance for the organism.
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Figure 26. Plot of surviving fraction versus ‘radiation
dose for VBNC “T" Vibrio vulnificus C7184 in ASW, as
detected by DVC (Djg = 0.147 kGy) and AODC. \

n i of RV NC- P.ost-l’rré«d‘i i':i'o

i

Samples of viable but nonculturable Qéll-s of Y.
vulnificus that were Irradiated at different -doses were
also incubated at roo:x tempcrature for 24 and 48 hours
and checked jfor 1resuscizat«iio‘n ;pq‘s,t-irrﬁadia?tion. Figures
27-32 debic:ﬁ the. régﬁs;itation sz;t(if;ilésﬁ of irradiated O,

T and B VBNC V. vulnificus cells. In Figure 27, 24 hours

after irradiatién, ’c'ukltur\ability ‘,bégins to return close
to the DVC ;/alues, of rearly 1'% 10° in the HIS and APA
plates for t%he O C7184 strain. however the more selective
TCBS and CPC plates are about 0.5 logs lower. This is

seen at all doses, including zero dose.
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Figure 27. Room temperature (25°C) resuscitation -of

Vibrio wvulnificus in ASW after 24

irradiated VBNC "OY
APA and a DvVC.

hours and plating on HIS, TCBS, CPC,
In Figure 28, it is shown that culturability begins
to return close to the DVC -~alues of nearly 1 x 10° in

the HIS and APA plates for the mutant B CVD 713 after 24

However, the mnore

hours of room temperature incubation.

selective TN, TCBS and CPC plates are still about 0.5

logs lower. This is again seen at all .doses including

Zero dose.
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Figure 28. Room <zemperature (25°C) resuscitation of
irradiated VBNC "B" Vibrio vulnificus in ASW after 24
hours and plating on HIS, TCBS, CPC, TN, APA and a DVC.
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In Figure 2¢. 24 aours = after  irradiation,
cultufabili#y begins to retura‘closéth'tha DVC values of
nearly 1 x ;05 in zhe HIS and APA plates for the T C7184
étrain, héﬁevér‘thé,moré sele@tive’?CBﬁ and CPC plates
are also aﬁout 0.5 logs lower. This/trgnd is observed

at all doses.
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Figure 29.. Roon temperatur&;}(&ﬁ?@) ‘resuscitation of

‘irradiated VBNC "T" Vibrio wulnificus in ASW after 24
hours and plating cn HIS, TCBS, CPC, APA and a DVC.

Data i@ Fiéﬁ:e 30 show that culturability returns to
the direct yiable]::ﬁn: valuzs. Zor the § ©7184 strain of
over 1 X 105 in\iha HIS ana ~PA blates, as well as the
more selective ~~BS and CPC plates, 48 hours after
irradiation. The nhmbexs obtained on all media are
- nearly eq@al et he bve indicating ,that‘ complete
resuscitati?n as cccurrad. Tt should e noted that the
plate couﬁts. ~avar exceeéﬁd the DVC showing that
resuscitaticn s UEH solls szcurred and not the growth

of a few culturzbls czlls.



98"

130000 T

120000
“ 110000
3 — =
s 80000 = ‘ APA
2 40980 —i—Tces

50000 —¥—CPC
2 40000 ~%—DVC
B 30000

20000

10000

0 T Y T T 1
0 0.032 0.064 0.C26 0.128 0.16
Radiation Dosz= (kGy)
Figure 30. Room temperature (25°C) resuscitation of

irradiated VBNC "O" vVvibrio ulnificus in ASW after 48
hours and plating on HIS, TCBS, CPC, APA and a DVC.

In Figure 21, the data show that culturability also
returns to the levels of the direct viable. count values
for the B CVD 713 strain of cver 1 x 10° on the HIS, APA,

TN, TCBS and CPC plates, 48 h>urs after irradiation,.
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Figure 31. Room “emperature (25°C) resuscitation of

irradiated VBNC "8" Vibrio :ulnificus in ASW after 48
hours and plating cn HIS, TCRS, CPC, TN, APA and a DVC.

The numbers obtainsi cn all ~=dia are again nearly equal
to the DVC indicztinz that conplete resuscitation has

zv-a counts never exceeded the

p—

occurred. Similari,, zhe o
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DVC showing that resuscitaticn of VBNC cells occurred,
and not the growth of x few c:iturable,cells. |

In F%gure< 32, 48 ours after‘ irradiation,
culturabiliﬁy feturns~all the way up to thé direct viable
count valué$ for the T Q7184L5train of over 1 x 10° on
HIS, APA, ’ﬁCBS and ‘CPCV plates. ' The numbers again
indicate reéusaitatién as th‘yehy are neariy equél to the
DvC, without ever \exceeding the DVC ‘showing that
resuscitation of VBNCN:GLlé tccurred; and not the growth

of a few culturable cells.
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Figure 32. ' Room <emperature (25°C) resuscitation of

irradiated VBNC "T" Iibrio ulnificus in ASW after 48
hours and plating on IS, TCBZ, CPC, APA and-a DVC.

There 'is a .ot of criticism involving the
resuscitatioﬁ of cells. There is another school of
thought claﬁming'that true resuscitatipn;éoes not really
occur (exce?t« for maybe a few cells). Rather the
increase in?baéterial numbers seen on plating media is

due to the growth and divisicn of either a few cells that
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have resuscitated, or a few «cells that remained
culturable all along.

To address this controvasrsy, the easiest method to
answer the questicn Is py the addition of nalidixic acid
to resuscitating cells. In this case, any culturabie
cells present in the sample would be inhibited by the
nalidixic acid in terms of DNA replication and hence cell
division. The nonculturable cells would then be the only
organisms under consideration. If they truly were
resuscitated, then once <the 24-48 hours of room
ﬁemperature resuscitation passed, they alone would be the
source of the positive growtﬁ on HIS, APA, TN, TCBS or
CPC agars.

A separate set of irradiation experiments were
conducted to determine the :ffects of adding nalidixic
acid to the resuscitation medium after irradiation. It
was \determined in the presence of nalidixic acid,
irradiated VBNC cells (0, T and B) resuscitated at room
temperature, for 48 hours, reached levels equal to the
original value determined :in the DVC. No graph is
presented for this Zinding as the parameters for inducing
the VBNC state and irradiation protocol were followed
identically to the that listed previously, and thus all
of the numbers were very similar to the numbers presented
in Figures 27-32. The findings of this research indicate

that true resuscitzticn occurred after the irradiation of
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VBNC cells (0, T and B), and not the regrowth of

culturable cells.

Other influences on ~-cssuscitation <can be the

microbial concentratizr in zns sample, as well as the
resuscitation medium.  Two separate experiments were
designed to address this [Issue. First, after the

irradiation of VBNC cells (0, T and B), 2.0 nL undiluted

samples were K allowed o resuscitate at room temperature

g

11 as 10-, 100- and 1000-folad

[t

for 48 houré, ©as  d

i

dilutions. The uncd:..ted =-=ples resuscitated back to
the originaléDVC values, but none of the diluted samples

resuscitated.

~

The effects of resuspension media were .also

assessed. A whole ~350 mL microcosm was spun down,
yielding a pellet. This =ellet was washed 2X and

subsequentlyfresuspendcd in <ZSresh ASW. The result was
complete resuscitation as was seen baf&re;' However, when
this Zresh resuspensicn was Zilluted 10-, 100- and 1000~
fold, no reSQCitation cccurrecd. The first passibility is
that the ASW has notﬁing to d= with the resuscitation, as
resuscitation occurrsd in bcozn the fresh and old ASW.
However, thére ~is :ome <ccuncentration effect, since
diluted samﬁles‘; of the  VBNC | microcosms did not
resuscitate. . Perhaps the organisms must,be present in a
specific conéentration so <=hat they can produce some
factor whichfpromates resuscization. Perhaps there are

compounds alrieady rressent in the nicrocosm, and they are



captured along with the cells during centrifugation.
so, compounds could be transfarrsd with the cells to
seawater. A dilution of thecse cells and compounds
' result in levels that -re not .sable by the bacteria.
seems that the cells are not zs dependent on the

environment as they are on each cther.
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SUMMARY AND -:*amcmsxons

One of the oerary obgevtlves of this research was
to determine the effects of lonlzlng radiatzon on FL and
X oysters on a true commerc1a1 scale in terms of shelf
life (Dyp and Dgo values) and the microbiological
consequences.% Furthermore, these shellsto&k oysters were
evaluated in ﬁerms‘cf shell c:/ﬁeat ratip,'internal shell
dosimetry : aﬁd the identificatich of any organisms
surviving irtadiaticn for up to 14 days in dry cold
storage. The other aspect of the resaarch dealt with
determining the Dip values of the logarlthmlc and
stationary pﬁasé of Y. vulnificus strains c7184 (0, T)
and mutant CVD 713 (3) in 2S. and on é variety of media
The VBNC form of these three :.vvulniﬁiqusfforms was also
induced and ﬁhe>sﬁbsequent Dig &alﬁes~calculated for the
VBNC cells uéing the direct viable couﬁt. In addition,
the effects iof ‘radiation on 24 ‘and 48 hour room
\temperature résuscitation wvas monitored 6n a variety of
solid media ahd co&pared to tne corresponding DVC. Also,
an assessmen£ #as ~tade as to whetﬁer or hot true
resuscitation occurred or whether the growback of few
remainihg cuitufable cells occurred. Furthermore, the

effects of the tyﬁe cf media used for resuscitation (old



104

or fresh ASW) was evaluated, as was the effect of
different microbial concentrations on resuscitation.

In terms of shelf life, this research shows that the

Dyg values for FL shellstoc!: oysters were 17, 4 and 2
days for the 0.0, 1.0 and 3.0 kGy exposures,

respectively. The Djp values for TX shellstock oysters

3.0 kGy

were 14, 4 and 2 days for the 0.0, 1.0 and . Gy
exposures, respectively. The Dgg values for FL
shellstock oysters were >25, 9 and 3 days for the 0.0,
1.0 and. 3.0 kGy exposures, respectively, whereas the Dgg
values for TX shellstock oysters were >25, 11 and 4 days
for the 0.0, 1.0 and 3.0 kGy exposures, respectively. It
is apparent that there is a serious decrease in shelf
life associated with the irradiated oysters and that a
serious product loss can be expected with irradiating
summer oysters./u

However, if the -icrok:al 1levels are reduced to
undetectable or very _ow _zvels, then the benefit of
clean oysters may outweigh the rapid product 1loss.
However, this 1is not the case. Immediately following
irradiation, there is a decrease of about 2 logs in total
bacterial numbers and ‘.’ibrié levels regardless of source
or dose. However, =chic lower value is only maintained
for a few days and then the pnacterial numbers begin to
rise back up to the nonirradiated, control values or even

higher. The oysters are dying rapidly and the bacteria

(total plate count, “ikrios =:nd fecals) are multiplying
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rapidly. There are then '.;ery’ feﬁi déys allowed for
transport, xstoarge, sale apd consumption of irradiated
oysters befgre they bécome unfit dr die. This research
also revealed the surt ¢iving crganisms post-xrradlatlon to
be genera sﬁch‘ as ’*'lbrwo spp., E. Vcoii, Aeromonas and a
few spo:.lage organlsms such as Pseugomggég and W

Furthe.rmore , it was determlned that the shell to meat

ratios of F%[,, TX ahd LA oysters were 4.8, 5.5 and 7.2,
respectively. ’P:’er‘haps”the most- intéieéting ‘piece of data
surrounded ithe determinaticn of A‘the’ internal doses
recieved inside ‘{:he :sihell ‘itself. - Tﬁé Dmax/Dmin ratios of
2:1 andVl.Sf:l \fpr the 1.0 kcgjz and 3.0 :k@y exposures as
detected by FTS, did not correlate w,é-.ll with the data
‘obtained from the internal dosimters. It is quite clear
that the interﬁai part of the oyster received about half
of the dose that the~out51de of the box received and that
the density ‘(Shell o meat ratio is an lndlcatlan) of the
shellstock éf:&sté'rs is leading TO true attenuation and
thus a dedréaséd dose. This, probably helps to explain
the Vari‘abi;iiit’y experlenced when ‘tesrt;.i}ng the oysters
microbicloglcally zs certain oysters are nct getting the
same :Lnternal dose and thus not the " same bactericidal
killing power. ‘ Thesz “less-.rradiated" oysters probably
lead to the §Elé’v"ated counts sometimes experienced during
“dry storage gsampl;ir:q,y

The other phase of expérimenta’t’i’on dealt with the

organism, Y. wvulniZicus. The Dig values of (O, T and B)
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V. vulnificus were determinec both in the logarithmic and

stationary phase in ASW and plated on a variety of media.

The Djg values are displayed in Table 7.

Table 7. Dip values for 1log and stationary phase V.
vulnificus on APA, TCES, CPC znd TN agars.
APA TCBS CPC TN

0 Stationary 0.057 0.055 0.059 —-—

O Logarithmic 0.053 0.054 0.053 -

B Stationary 0.057 0.056 0.057 0.057

B Logarithmic 0.053 0.053 0.054 0.054

T Stationary 0.044 0.045 0.043 | -

T Logarithmic 0.043 0.043 0.043 -

These values correspond guite we;l with Dixon (1992)
with the O morphotype having a bit lower Dig in ASW than
PBS and the T morphotype a bit higher in ASW than in PBS.
As expected the nutant B type responded similarly to the
the O morphotype, since in fact it 1is a genetically
altered 0O type. o signi:zicant difference could be
detected between the different types of media used in the
growth after irradiation. Furthermore, there was no
significant difference detected between the stationary
and log phases. The 0.y values were calculated for the
VBNC form of these c-2lls and they are displayed in Table
8. These D;g valuss -or the BNC cells are a full three
times larger than .~hat 1is observed for the normal,

culturable cells. This indicates that the induction of
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the VBNC mechanisms or survi-.:i help provide an increased
raéioresist&nc‘e fo the organism. ‘This \is most 1likely
accomplished in the bacteria by redﬁctive division
whereby tneée is a compacting“qf the#nuc1ear region, DNA
rearrangement and a ieséening of DNA per cell (Brauns et
al., 1991).§ If this is the case, the probability of a
hit decreasés with decreasing nucleus size. Furthermore,
compacted DNA would be wound so tight that the backbone
structure would have 1éss area;exposed for a hit of gamma
rays. |

Table 8. The Djo values determined for VBNC cells of Y.
wvulnificus using the direct viable count.

pve
o vBNG . 0.165
B VBNC ,‘ 0 9.173
T VBNG - 0.147

In addition to the increased resistance of the VBNC

cells of y.jvu;nifi:ug, the .zsuscitation patterns after
irradiation éweré ~exarmined. It 'was determined that
complete resusﬁitathmm occurred after 48 hours—of room
temperature incubétion, with levels matching the original
direct viabie count, but not hiéher;\ Resuscitation was
guaranteed i@ this case by the addition nalidixic acid to
the resuscitation nediun, which prgyented the growth of

any culturable cells chat may have been present in the
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sample. The platz counts after 48 hours at room
temperature were again equal =: the DVC, but not higher.

The type of resuscitztion media and microbial
concentration during resuscitation were also examined.
After the irradiation of VBNC cells (O, T and B), 2.0 nL
undiluted samples were allowed to resuscitate at room
temperature for 48 hours, as well as 10-, 100~ and 1000-
fold dilutions. The undilu:sd. samples resuscitated to
the original DVC values, but none of the diluted samples
resuscitated. Full nicrcccsms of VBNC cells vwere
harvested by centrifugation, washed 2X, and resuspended
for resﬁscitation in fresh ASW. It was determined that
complete resuscitaticn occur-zd in the fresh seawater.
However, when diluting the fressh ASW 10-, 100~ and 1000-
fold, no resuscitation occurred. This indicates that the
resuscitation media (old 2ASW) is not harboring vital
nutrients that induce resuscitation, because new ASW
‘allows for resuscitzzicon. Th: Zocus is probably properly
placed on the actual czel! corozntration, as there appears
to be a cooperative efizct among the «cells as
concentrations below 10° ver =L would not resuscitate.

In conclusion, irradiazion processing cannot be

considered as a methcd to stzrilize shellstock oysters,

and provide a shelf =table -roduct. Irradiation can
reduce some pathcgens snd  .ruses, perhaps balow thair
infective dose, tut ot _:4 the shellstock oyster

completely of all contaminancs. The shellstock oyster
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poses many ¢hallénges Tc irrodiation and food processing
technology.f‘ Thessz p;obl;ﬁé include uneven dose
distributioﬁ, different shell to me&t raﬁics for oysters
from differént geographic locations and the potential for
growback of; orgénisms in the irradiated product over
time. Furtﬁermore, oysters are lives animals with their
own inherent radiatidn sensitivity, and thus radiation D
value. It is ciear~that the,ﬁlg value of oysters falls
somewhere in the range wheng*‘bacterial and viral
reduction is obsérved; Thus, the conundrum of deciding
on the dose that will give the best shelf Llife and
maximum bacﬁerial reduction will continue. The survival
of organisms is a great conczrn because when competition
is altered between the florz, the result could be the
rapid outéroythvéf a potentially dangerous microbe.
Concern;ng the irradiation of V. yulnificus, it is
apparent thait in simple media ;ike ASW, it is a very
radiosensitiﬁe microcrganism. :However, in a complex
systenm like%a shellstock oys:ags; there is a piotective
effect by the shell itself ana this organism can survive.
More importantly it /can' grow and (divide" in dry cold

storage, or even worse enter the viable but nonculturable

state. The VBNC forms of . wvulnificus are 3X more
resistant to radiation than :he :orrespbnding culturable
forms and this too couid be :» potential problem in winter
harvest oystbrs that ~ay ~uave 7BNC cells. Therg is

evidence from = this research for the presence of
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resuscitation of VBNCZ V. vulnificus cells post-

irradiation and that c2i: cor-cantration plays a key role

in the resuscitation zrccess.



Table A.
and TX (To,

"APPEIIDIX

MICROBIOLOGICAL CONSEQUENCES

.T1 and T3)

111

The Microbioclogical Analysxs of FL (A0, Al, A3)
Shellstock Oysters Irradiated at

0, 1.0 and 3.0 kGy and then Kept Under Dry- Storage at 4-
6 C Over a TWo Weék Time Perlod‘

TPE

Day O] pca . PCAS , éPN‘ "TCBS - LB | EC-MUG,
A0 | 10,900 | 16,500 . ~3,000 23,000 423,000 210 210
Al 20501; 350 ".900 1900 4900 330 330
A3 30 | 85 2300 2300 | 2300 63 0
TO | 18,500 | 18,000 F 23,000 : 23,000 { 23,000 { 230 230
.T1 | 16 | 65 | 4900 I 4900 | 4500 | 200 200
T3 30 | 30 | 2300 | 2300 .| 2300 0 0

Day 2] PCA || PCAS | MPN | TCBS | CPC | LB _I|EC-MUG]
A0 | 11,900 | 11,400 <9,000 : 49,000 | 49,000 | 490 | 490
Al 8050 | 9,400 7900 - 7900 [ 7900 130- | 130
A3 | 1850 | 305 1900 4900 | . 4900 45 0
TO 15,600 | 29,000 - 49,000 49,000 ] 49,000 | 490 .1 490

Tl | 2500 | 395C¢ 23,000 23,000 ]| 23,0001{ 490 490
T3 380 i 1330 "~ 7500 7900 | 7900 490 490

Day 4 PCA '| PCAS - MPN -TCBS CPC | LB |EC=MUG
A0 | 68,000 /185,0001230,000/ 49,000 | 33,000 | 2300 2300
Al 7050 - 11,400 | 23,000 . 13,000 | 13,000 | 1300 1300
A3 6550 ¢ 5100 . 23,000 : 13,000 | 13,000 [ 1300 130
TO [ 23,500 ( 39,000 1230,000: 29,000 | 49,000 | 1300 1300
T1 3300 ! 5250 22,000 13,000 ] 13,000 790 790
T3 505 220 - 22,000 2000 2000 230 130

Day 7 PCA PCAL PN "TCBS CPC LB |EC-MUG
A0 50,500.:230,°.-:430,00C" 5,000 | 49,000 | 2300 2300
al 5000 1 3300 33,000 ' 13,000 | 13,000 230 130
A3 5500 . 5650 23,000 . 13,000 | 13,000 | 490 490
TO |181,0001201,0001490,0001230,000({130,000| 2300 | 2300
Ti |165,0001157,0001230,000]230,000| 23,000 330 230
T3 31,000 49,000 | 23,000 . 23,000 | 23,000 230 230

"PCA= plate count agar,
NaCl, MPN =

FCAS =

alkaline reptone

plate count agar + 2.5%
~ater most probable number,

TCBS = thlosulfate sitrate b:lv calts sucrose agar,
colistin polivmivin zzll:siose

and EC-MUG =

i
-

[
.

Neteipe

C v e e

o e e

L -t“;

ngar,
UG

CPC=

*B = Lactose Broth
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Table A.--continued.

Day 9 PCA PCAS 1PN TCBS CPC LB EC-MUG
A0 60,000 |237,0001190,00C 49,000 | 49,000 230 230
Al 22,500 |174,00C -..3,00C £9,000 33,000 330 130
A3 25,000 239,000 ...,000 19,000 33,000 230 230
TO 220,000{255,6C. 222,000.230,0004230,000 230 230
71 95,000 [345,00. 2.320,00C.130,000| 73,000 230 230
T3 14,500 1| 16,100 : 23,000 : 23,000} 23,000 230 230

Day 11 PCA PCAS MPN TCBS CPC LB EC~-MUG
AQ 54,000 |207,000(490,000]| 73,000 | 73,000 330 330
Al 14,500 |177,000| 49,000 | 49,000 | 49,000 230 230
A3 21,000 |177,000| 23,000 | 23,000 | 23,000 230 130
T0 |265,000(/190,000|110,000i110,000(110,000| 330 330
T1 134,000|220,0001 70,000 ¢ 70,000 | 70,000 | 230 130
T3 17,000} 21,500  -2,000 23,000 23,000 230 130

Day 14 PCA PCAS PN TCBS CpC LB EC-MUG
AQ 63,000 /190,0001490,0001230,000|230,000 700 700
Al 24,000 (1177,000(230,000{230,000}230,000 330 330
A3 15,000 {136,000| 49,000 { 49,000 | 23,000 230 230
TO 234,000{188,000}230,000({230,000}{230,000| 1400 1400
T1 165,000{162,000}170,000(170,000]1170,000 330 130
T3 20,000 | 29,000 23,000 1{ 23,000 { 23,000 230 130

PCA= plate count agar,
NaCl, MPN = alkaline peptone water most probable number,
TCBS = thiosulfate citrate biie salts sucrose agar, CPC=
colistin polymixin cellobiose agar, LB = Lactose Broth

and EC-MUG =

E.

PCAS =

plate count agar + 2.51

celi =sroth wi=-h MUG

3
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